A method is described whereby major surgery can be accomplished without inhalational anaesthetic agents, thus completely eliminating operating room pollution.
Originally, all the desired features of anaesthesia -hypnosis, analgesia, reflex suppression and relaxation, were provided by a single inhalational agent. As anaesthesia developed, there has been increasing emphasis on providing the separate facets with specific agents -socalled 'balanced anaesthesia' -thought almost always wi~h a background of gaseous and/or volatile substances.
Only sporadically have there been attempts to provide a form of balanced anaesthesia where the lungs are ventilated only with air or air/oxygen mixtures, and few of these methods have achieved popularity.
However, over recent years the possibility that personnel chronically exposed to traces of gaseous or volatile anaesthetics might experience adverse affects on their health, has been widely expressed. In order to reduce the exposure to these agents, the practice of 'scavenging' i.e. ducting the waste gases out of the operating room, is advocated and already practised in many hospitals. Unfortunately, this method requires scrupulous attention to detail to be fully effective, and anaesthesia equipment must be regularly serviced and checked to ensure absence of high-pressure leaks, leaky vaporizers and the like. And despite all these precautions, there will still be a problem in areas such as the recovery room, where patients are exhaling the gaseous and volatile agents. There are only two methods which guarantee that pollution will not occur. These are: (1) To avoid general anaesthesia altogether and rely on local and regional methods, and (2) to use general anaesthesia by means of a noninhalational technique (Fig. 1 ). This paper deals with the second method. While neuromuscular blockade and analgesia are readily produced by intravenous agents, the principal problem is to select an agent which will reliably and safely produce the third component of balanced anaesthesia, namely unconsciousness. In this study, we have chosen for this purpose sodium gammahydroxybutyrate (GHB) (Fig. 2) . This agent, introduced by Laborit et al. (1960) is a safe, long-acting hypnotic with minimal respiratory and cardiovascular side effects. It is a normal constituent of mammalian brain (Roth and Giarman 1970) and may be involved in normal sleep mechanisms (Laborit 1973) . For this reason, ~he possibility of allergy or hypersensitivity would appear to be remote, if not indeed impossible. The metabolism of GHB is via succinate and the Krebs' cycle to carbon dioxide and water (Doherty, Stout and Roth 1975 Despite these advantages, GHB has not achieved widespread popUlarity due to its slow and unpredictable recovery (Steel 1968 , Vickers 1968 , Solway and Sadove 1965 , Blumenfield, Suntay and Harmel 1962 , Lund, Humphries and Virtue 1965 . However, we have recently demonstrated (Henderson and Holmes 1976) that the action of GHB may be reliably reversed by means of the intravenous injection of physostigmine. This technique was therefore applied to a method of general anaesthesia based on GHB, morphine and alcuronium.
Method The patients were 42 adults having major surgery. Informed consent was obtained. Physical status and details of age and weight are shown in Table 1 . The operations were of all types, seventeen being intra-abdominal and nine intrathoracic (including two where one lung anaesthesia was used). No intracranial or cardiac operations were included.
Premedication consisted of oral diazepam 10 mg approximately one hour pre-induction.
After recording the blood pressure, anaesthesia was induced according to the regime shown in Table 2 . The dose of morphine was adjusted for age and build according to Table   3 . The lungs were ventilated with oxygen, using a conventional anaesthesia machine, until relaxation was adequate for the passage of a cuffed endotracheal tube. The patient was then connected to a Bennett PR-l ventilator, adjusted to ventilate the lungs at a minute volume of 8-10 litres at a frequency of 10-12 per minute. The machine was usually set on 'airmix', so that the patient received approximately 40% oxygen in the inspired mixture, but patients having one lung anaesthesia, and some of the other thoracotomy patients received 100% oxygen.
During surgery pulse, blood pressure, ECG and ventilatory volumes were monitored. Increments of drugs were given as follows: Morphine (t initial dose) for any significant sweating, taxhycardia, hypertension or lachrymation; alcuronium (! initial dose) for gross movement, coughing or straining, and GHB (10 mg/Kg) was repeated every 30 minutes, unless the operations were expected to conclude within the next 15 minutes (Table 4 ).
GHB Morphine Aicuronium TABLE 4
The Maintenance Regime 10 mg/kg every 30 mins t initial dose as required t initial dose as required At the conclusion of surgery, the neuromuscular blockade was first reversed in the usual manner with atropine (0.6-1.2 mg) and neostigmine ( 1.25-2.5 mg) (Table 5 ). Usually spontaneous breathing recommenced promptly, but if it did not, or if the rate was slow, the morphine was reversed by the injection of naloxone 0.4 mg. At this point, the level of responsiveness was determined according to a 5-point scale as shown in Table 6 . All patients were in fact unconscious at this time. An injection of physostigmine salicylate (2 mg) was now given. If the pulse rate was slow, a further dose of atropine (0.6 mg) was given with the physostigmine, and in all cases the pulse rate was monitored after the physostigmine. The level of consciousness was assessed every two minutes and the waking time -i.e. time to reach level I or 2 (Table 6) , was recorded.
Atropine Neostigmine Naloxone Physostigmine Patients were observed in the usual manner in the recovery room, and were seen the next day, when they were questioned specifically about awareness or dreaming:.
RESULTS
Excellent conditions were produced for surgery in all patients. There was no death or morbidity associated with the technique, neither was there any awareness.
As would be proper for a 'balanced' technique, only modest doses of the three principal drugs were used (Table 7) . The largest individual total dose of GHB was 9,680 mg for a 230 minute operation on a patient of 38 years, weighing 87.5 kg The largest total dose of morphine was 49 mg, for a 115 minute gastric operation on a fit patient of 25 years, weighing 80 Kg. The time to wake, taken from the injection of the physostigmine, is shown in Table 8 . The mean time was approximately five minutes, and all but six patients were awake in less than 10 minutes. Mean 4.9 :±: 2.1 minutes 36 patients awake in less than 10 minutes 6 patients greater than 10 minutes
The 'latent period' following the injection of physostigmine was a feature noted by us in an earlier study (Henderson and Holmes 1976) involving the use of GHB as 'sleep cover' for patients undergoing surgery under regional analgesia, and was seen again in this study. Awakening was not a slow continuous progression through the varying levels, but tended to be rather abrupt. Most patients, when awake, were still mildly sedated by the morphine, and if left quietly would usually return to a light sleep from which they were easily rousable. This state seemed an appropriate one for a patient after major surgery, so naloxone was not given unless there was evidence of respiratory depression, or waking was prolonged. In fact, naloxone was given on only one occasion in those 36 patients whose waking time was less than 10 minutes.
The six patients not awake within 10 minutes deserve special mention. All received a second injection of physostigmine 2 mg at 10 minutes, usually with atropine 0.6 mg, and four received naloxone. Two patients received a third injection of physostigmine. Two of the six woke in four and six minutes respectively after the second physostigmine injection; one of these became very restless and confused on waking, and was the only serious example of this in the study. It was only subsequently that it was learned that he had reacted in a similar, and indeed even more violent manner, after a previous conventional general anaesthetic. He had no recollection of his confusional state the next day.
The four remaining patients exhibited prolonged awakening, with no clear response to the physostigmine. One took 56 minutes, one 78 minutes, one reached level 3 in eighteen minutes, but remained very drowsy, and one elderly woman remained in a deeply drowsy state for several hours (Table 9 ). It must be emphasised that these four patients reacted like those patients who have had GHB without reversal -although recovery is prolonged, the patients' state does not otherwise give cause for concern, the blood pressure and pulse being stable, and respiratory excursion good. The apparent failure of action of physostigmine in these patients is uncertain, and was not seen in any patient in our previous study. The possibility that the physostigmine, prepared in ampoules in the local hospital dispensary, had lost potency, is currently under investigation. Physostigmine is a rather unstable drug, and this is one of the reasons why neostigmine has supplanted it when a drug with a peripheral anticholinesterase effect is required. Being a quarternary compound, however, neostigmine does not cross the blood-brain barrier, and so would not have the central anticholinesterase effect desired here.
given and effectively controlled the hypertension in two (One of these was subsequ:!ntly slow to wake - Table 9 ). It may well be that an agent with a different antihypertensive action should be used in these patients; this problem is under study at present. Post Operative Period -this aspect was not studied in detail in this trial. In general the incidence of nausea and vomiting was low, as were the requirements for narcotics in the early post-operative period. Patient acceptance of the method was good. Cardiovascular Stability -apart from mild sweating in some patients, the only noteworthy feature of the conduct of anaesthesia in these patients was a rather high incidence of hypertension. No patient had a serious fall in blood pressure; indeed only 3 patients had transient falls outside the ± 20% of initial limits (Table  10 ). On the other hand, 22 patients (52 % ) had a rise in blood pressure above the + 20% level, and of these 10 (24%) had sustained or significant elevations (Three of these patients were known hypertensives). It was usually assumed that these rises were the result of reflex stimulation in light anaesthesia, and the first manoeuvre was to administer an increment of morphine. This was sometimes effective, but in other patients the hypertension remained, despite lack of other signs of light anaesthesia. In four patients chlorpromazine 2.5 mg was It must be emphasised that this was a pilot study, based on a relatively small number of cases, and that the method may well be subject to amendments as our experience increases. While there were no serious problems, the blood pressure elevations and the occasional apparent failure of action of the physostigmine are areas where further study is being carried out.
GHB has long been recognized as a drug under which hypertensive responses are not infrequently seen. Indeed, Co le (1970) suggested the use of moderately large doses of chlorpromazine as part of the regime. On the other hand, it appears to be a very safe drug, seldom if ever causing respiratory depression of hypotension even in large doses. It is also long acting, but the difficulty here is to select a regime that will guarantee freedom from awareness in the paralysed patient. We chose the regime of 50 mg/Kg initially, followed by J 0 mg/Kg each half hour, as a purely arbitrary scheme for this study, and it seems to have been effective. The dose is not dissimilar to that determined by Souron et al. (1974) on the basis of EEG studies.
The only other similar study, using GHB, fentanyl and muscle relaxant, and ventilation with oxygen-enriched air, is that reported by Klaucke (J 973), who felt the technique would be appropriate for use in primitive conditions, but did not use physostigmine, and so encountered prolonged recovery in most patients.
A technique to avoid pollution, based on narcotic analgesics, muscle relaxants (in some cases) and hypnosis by the intravenous infusion of althesin, is described by Savege et al. (1975) . Ventilation was with oxygen enriched air. These workers felt ~his technique was difficult to master, and did not always produce acceptable operating conditions. Moreover, althesin is a rather expensive agent, especially used in this manner. GHB is a simple molecule, easily prepared, stable in aqueous solution, non irritant to veins, not associated with sensitivity reactions, and very inexpensive, and therefore a better choice in our opinion.
Advantages -The advantages of this technique are that it is safe, inexpensive and requires only simple apparatus. Under less than ideal circumstances, such as primitive or military conditions, all that would be required other than drugs and syringes, would be a laryngoscope and endotracheal tubes, and a selfexpanding bag type ventilator (Ambu bag or 'Air-Viva').
With this method, the inspired oxygen concentration can be set as required without influencing the depth of anaesthesia: where appropriate it may be 100% while in most patients with normal lungs it is possible to retain the 'nitrogen splint' effect by using only slight oxygen enrichment of room air.
Disadvantages -Undoubtedly, the method is suited only to major surgery, as intubation and muscle relaxation are an essential part. It is therefore not suitable for rhose cases where controlled respiration is not desired. Elevations of the blood pressure occur in some patients, suggesting light anaesthesia, though there was no incidence of awareness. It is possible that physostigmine may not reverse the action of GHB in some patients; the reason for this is uncertain at present, but it represents an inconvenience rather than a major disadvantage, since no serious side-effects were seen from the physostigmine, nor did those patients who were slow to wake suffer any sequelae.
Physostigmine will act as an antagonist to neuromuscular blocking drugs such as alcuronium. We chose not to investigate that aspect in this study, as it seemed preferable to restore the patients' motor power, in order to assess the level of responsiveness before giving the physostigmine. Only in that way could one be sure that the patient was not already awake. However, with increasing experience, and the knowledge that the dose regime for GHB is adequate, it might well be possible to dispense with the administration of neostigmine.
